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Abstract: The transverse and longitudinal optical phonon modes in BaSnO3 are re-
evaluated from the previously reported far-infrared ellipsometry spectra of single crystals.
These are employed to determine polaron coupling constants, which provide the basis for
theoretical calculations of the room temperature electron mobility in BaSnO3. The relax-
ation time for the longitudinal optical phonon scattering in BaSnO3 is larger as compared
to SrTiO3, contributing to the high room temperature electron mobility reported for the
La-doped BaSnO3 single crystals.
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Single crystals of the transparent perovskite La-doped BaSnO3 have recently attrac-
ted significant attention due to the unprecedented high room temperature mobility of
320 cm2/Vs [1], which is the highest value reported for perovskite oxides. A fundamental
understanding of the superior electron transport in BaSnO3 is of immediate importance
for applications in oxide electronics. Due to advanced vapour phase epitaxy methods, the
electron mobility limit is now dictated by the intrinsic physical properties of the material
rather than determined by the defects associated with thin film crystal growth. In addi-
tion, the discovery of a high mobility electron gas at perovskite oxide heterointerfaces [2]
promotes a new design of electronic devices in which unordinary high carrier densities are
realized and consequently high mobility electron transport is attained without scattering
by electron-impurity interactions induced by substitutional doping.
The high mobility in BaSnO3 stems from the large dispersion of the conduction
band comprised of Sn 5s orbitals [3], yielding a small electron effective mass of only
m∗e = 0.19 m0 [4]. Furthermore, the large static dielectric constant of εs = 20 [5] promotes
the screening of defects such as dislocations and ionized impurities [4, 6], and the small
density of states of the conduction band singly-degenerated at the Γ point of the Brillouin
zone reduces the longitudinal optical (LO) phonon scattering rate [7], both resulting in an
unusually high mobility as compared to many other established transparent conducting
oxides. An accurate first-principles theoretical calculation of the electron-phonon inter-
actions in BaSnO3 requires a significant computational effort, in particular when the La
doping effect on the conduction band dispersion is taking into account requiring large su-
percells. Therefore, this work determines the polaron coupling constants for BaSnO3 from
experimental results to provide a valuable basis for calculation of the mobility governed by
electron-phonon interactions. The relaxation time for LO phonon scattering in BaSnO3 is
about twice as large as compared to SrTiO3, supporting a high electron mobility at room
temperature.
To calculate the polarizations of the transverse optical (TO) and LO phonon modes in
1
BaSnO3, and to determine the electron-phonon coupling constants, the polaron theory
described by Eagles [8] is used and the equations therein will be referred to as Eq. (E-X).
Far-infrared (IR) ellipsometry spectra of BaSnO3 single crystals were measured by Stan-
islavchuk et al. [5] in the frequency range of 50 − 680 cm−1. The previous work reported
three optically IR-active TO phonon modes at frequencies of 135 (TO1), 245 (TO2) and
628 cm−1 (TO3), and the corresponding absorption strengths. However, reproduction of
the IR dielectric function shows that the reported LO phonon frequencies do not accur-
ately coincide with the maxima of the loss function −Im(ε−1(ω)) and also the TO2 phonon
absorption strength is slightly underestimated with the given parameter set. Thus the
dielectric function is reprinted from Ref. [5] for re-evaluation in this work (Fig. 1). Due
to the small BaSnO3 crystal size, light scattering effects result in an artificial decrease of
the real part of the dielectric function ε1(ω) and an increase in the imaginary part of the
dielectric function ε2(ω) below a frequency of 150 cm
−1.
The optical spectra are fitted by a least squares method using a model comprised of three
Lorentz oscillators for the different phonon modes (µ = 1, 2, 3) in the frequency range 150
to 680 cm−1
(ω) = ε∞ +
∑
µ
Aµω
2
tµ
ω2tµ − ω2 − iγµω
(1)
where ε∞ is the high frequency dielectric constant, Aµ is the absorption strength, ωtµ is TO
phonon mode frequency and γµ is the broadening frequency. The LO phonon frequencies
are determined from the maxima of the loss function −Im(ε(ω)−1) and all parameters are
summarized in Tab. III. The static dielectric constant εs = 20± 2 is calculated by the sum
of the high frequency dielectric constant and the low frequency limits of all the phonon
dielectric constants, according to εs = ε∞ +
∑
µ
Aµ.
The polarization ptµ associated with each TO phonon mode is calculated according to
Eq. (E-4) [8, 9]
p2tµ =
Aµω
2
tµ
4piN
(2)
where N denotes the number of unit cells per volume (Table II). The polarization plµ′
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FIG. 1: Real (red) and imaginary (blue) parts of the BaSnO3 dielectric function ε(ω) recorded
with far-IR spectroscopic ellipsometry of a single crystal, reprinted from Stanislavchuk et
al., J. Appl. Phys. 112, 044108 (2012) [5] with the permission of AIP Publishing. Black
dashed lines indicate the fit to the dielectric function ε(ω) using three Lorentz oscillators
with parameters given in Table I. The TO phonon modes are given by the absorption
modes indicated by the maxima of the imaginary part of the dielectric function ε2(ω).
The maxima of the loss function −Im(ε−1(ω)) determine the LO phonon modes near
ε1(ω) = 0.
associated with each of the LO phonon modes is calculated according to Eqs. (E-7, E-8)
p2lµ′
∑
µ
(
ptµ
ω2tµ − ω2lµ′
)2
=
( ε∞
4piN
)2
. (3)
The polaron coupling constants αµ are calculated according to Eq. (E-27)
αµ =
e2
rµh¯ωlµ
f 2µ
8piε0
(
1
ε∞
− 1
εs
)
(4)
where e is the electron charge, h¯ is the reduced Planck constant and ε0 is the vacuum
dielectric constant. The parameter f 2µ is defined by Eq. (E-23)
f 2µ =
p2lµ/ω
2
lµ∑
µ
p2lµ/ω
2
lµ
(5)
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TABLE I: TO and LO phonon modes in BaSnO3 obtained by modelling three Lorentz oscillators
to the IR dielectric function measured by spectroscopic ellipsometry. The broadening
frequency γµ and absorption strength Aµ (µ = 2, 3) were used as fitting parameters.
The static and high frequency dielectric constants are εs = 20 ± 2 and ε∞ = 3.3 [5],
respectively.
Mode Phonon frequency Broadening frequency Absorption strength
µ ωtµ ωlµ γµ Aµ
(cm−1) (cm−1) (cm−1) -
1 135a 146 10
a 3.8a ± 2
2 245a 443 20 11.4
3 629a 784 39 1.1
aReference [5].
and the polaron radius rµ is defined by Eq. (E-29)
rµ =
(
h¯
2m∗eωlµ
)1/2
(6)
where m∗e is the electron effective mass and m0 is the electron rest mass. The calcu-
lated polaron coupling constants αµ for all LO phonon modes in BaSnO3 and SrTiO3 are
summarized in Table IV.
Based on the electron effective mass of m∗e = 0.19 m0 for BaSnO3 [4] and m
∗
e = 1.8 m0
for SrTiO3 [11], the relaxation times τµ for the corresponding phonon scattering modes
were calculated according to [13,14]
τµ =
1
2αµωlµ
(
1 +
αµ
6
)−2
f(αµ)
(
exp
(
h¯ωlµ
kBT
)
− 1
)
(7)
where kB is the Boltzmann constant, T is the absolute temperature and f(αµ) is a slowly
varying function ranging from 1.0 to 1.2 for 0 < αµ < 3 [15]. The effective carrier relaxation
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TABLE II: Number of unit cells per unit volume N , static and high frequency dielectric constants
εs and ε∞, electron effective mass m∗e of BaSnO3 and SrTiO3. Parameters are used to
calculate the polarizations associated with each phonon mode, the polaron coupling
constants and the relaxation time of carrier scattering by LO phonons.
Material Unit cells/volume Dielectric constants Electron effective mass
N εs ε∞ m
∗
e
(cm−3) - - (m0)
BaSnO3 1.43 · 1022 20a 3.3a 0.19b
SrTiO3 1.68 · 1022 310c 5.2c 1.8d
aReference [5].
bReference [4].
cReference [10].
dReference [11].
time τeff for LO phonon scattering in each material is calculated according to [8]
τ−1eff =
∑
µ
τ−1µ , (8)
and is predominantly determined by the smallest value of relaxation time τµ among all LO
phonon modes. Since the relaxation time denotes the average time of momentum loss by
scattering to electron-phonon interactions, a high electron mobility µe may be expected
when the relaxation time is large, according to [16]
µe =
eτeff
m∗e
. (9)
While the SrTiO3 mobility at cryogenic temperatures may be as large as
32 000 cm2/Vs [17], the room temperature mobility does not exceed 10 cm2/Vs [18] mainly
as a result of the small carrier relaxation time τ3 = 2.6× 10−14 s for the LO3 phonon scat-
tering mode with the energy h¯ωl3 = 99 meV (Fig. 2) and the large electron effective mass
m∗e = 1.8 m0 [11]. It is striking to observe that the BaSnO3 room temperature mobility
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TABLE III: TO and LO phonon modes in BaSnO3 and SrTiO3, where pβµ denotes the corres-
ponding polarization calculated according to Eq. (2).
Material Mode Frequency Energy Absorption strength
βµ ωβµ h¯ωβµ Aµ p
2
βµ
/
∑
µ
p2βµ
∑
µ
p2βµ
(cm−1) (meV) - - (cm3s−2)
BaSnO3 t1 135
a 17 3.8a 0.07
t2 245
a 30 11 0.50 2.3 · 105
t3 629
a 78 1.1 0.43
l1 146 18 - 0.001
l2 443 55 - 0.19 2.3 · 105
l3 784 97 - 0.81
SrTiO3 t1 88
b 11 300b 0.80
t2 178
b 22 3.6b 0.04 4.8 · 105
t3 544
b 67 1.6b 0.16
l1 172
b 21 - 0.0003
l2 469
b 58 - 0.07 4.8 · 105
l3 798
b 99 - 0.93
aReference [5].
bReference [10], ωlµ recalculated from the loss function -Im(ε(ω)
−1).
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TABLE IV: Polaron coupling constants αµ according to Eq. (4) for different LO phonon modes
in BaSnO3 and SrTiO3. The parameter f
2
µ and the polaron radius rµ are defined by
Eqs. (5) and (6), respectively.
Material Mode Energy Polaron coupling const.
lµ h¯ωlµ f
2
µ rµ
(
m∗e
m0
)0.5
αµ
(
m0
m∗e
)0.5
αµ
(meV) - (A˚) - -
BaSnO3 l1 18 0.03 14.5 0.18 0.08
l2 55 0.41 8.3 1.61 0.70
l3 97 0.57 6.3 1.70 0.74
SrTiO3
a l1 21 0.005 13.4 0.03 0.03
l2 58 0.18 8.1 0.51 0.69
l3 99 0.82 6.2 1.81 2.43
acf. Reference [12].
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is predominantly determined by the LO2 phonon mode with the energy h¯ωl2 = 55 meV,
resulting in a larger relaxation time of τ2 = 4.7× 10−14 s.
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FIG. 2: Relaxation time of carrier scattering by LO phonons calculated for BaSnO3 (blue) and
SrTiO3 (black). The effective scattering relaxation time τeff = 1/
∑
µ
τ−1µ for each
material is given by the dashed lines.
As compared to SrTiO3, the enhanced ∼300 cm2/Vs room temperature mobility achiev-
able in La-doped BaSnO3 single crystals [1] is thus attributed to the larger effective
carrier relaxation time as well as the significantly smaller electron effective mass of
m∗e = 0.19 m0 [4].
In summary, the BaSnO3 polaron coupling constants were calculated based on previously
reported experimental far-IR reflectivity spectra to provide the basis for a facile calculation
of the mobility governed by LO phonon scattering. The enhanced room temperature
mobility in La-doped BaSnO3 single crystals results from the larger relaxation time for
carrier scattering as well as the comparably small electron effective mass.
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